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EXPERIMENTAT, INVESTIGATION OF VARLOUS EXTERNAT~STORE
CONFIGURATTIONS ON A MODEL OF A TATIIESS ATRPLANE
WITH A SWEPTBACK WING

By E. Norman Silvers and Kenneth P. Spreemann
‘SUMMARY

An experimental investigetion of various extermal-store configu—
rations on a model of a tallless alrplene with s sweptback wing over
a Mech number renge from 0.40 to 0.91 was made In the La.ngley high—
gpeed. T— by 10-foot tummel. -

The results Indicate 'bha:b wing~tip— and fuselage—mounted stores
suspended on a swept pylon member that locates the externsl store awey
from adjacent parts of the model resulted in the most favorable combl—
nation of drag-breek Mach number and drag at force break amnd also the
highegt 1lift—drag ratios. The largest effect of external stores on the
asrodynamic—center location below force breek was & forward shift of
2.5 percent., Except for the pylon—suspended tip~mounted extermal store
which produced & change in the effectlive dihedral parameter that was

approximately equal to an 8° reduction in dihedral, the effect of stores
on the lateral stability of the test model was sma.:l_'L The effectiveness
~of the elevon was Increased. considerably by the addition of e tip store

centrally mounted on the wing.

INTRODUCTION

The attachment .of auxliliary equipment to the exterior of high-—speed

alrplanes has introduced the problem of Interference between these

objects and supporting members of the alrplane. The first conslderation

in the design of an extermal-store inastallatlon has been the drag pro—
duced by the installatlion, and, in the case of high—speed airplanes,
the associated compressibllity phenomenon. In order to provide the
desligner with some Informetion relastive to the high—speed Interference
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effects of extermal stores, an Investigetion of a number of extermal-—
store configuretions was undertdken by the Nationel Advisory Coammittee
for Aeronautics. The results of the studles pertalning to the mounting
of stores on unswept wings are presented in references 1 to L.

Presented in thils paper are drag studies, longltudinel stability
and control characterlstics, and lateral stability characteristics of
geveral extermal~store canflgurations on a model of a tallless swepbback—
wlng slrplane. Two general locatlons of stores were chosen for this
investigation: at the tip of the wing and on the fuselage in the plane
of symmstry. For purposes of discussion, the installations are con—
gidered as elther wing—tip or fuselage-mounted conflgurations,

Anglysis of the results has been madse by a comparison of the data
obtained with the stores in place with those obtained on the baslc model.
Eveluation of the chersascteristics of the baslic model has been reported
previously and is presented in reference 5.

COEFFICTIENTS AND SYMBOLS

The system of axes employed, together with an indication of the
positive forces, moments, and engles, is presented in figure 1. Perti-—
nent symbols and coefficlents used in this paper are defined as follows:

Cy, 1ift coefficilent (Lift/qS)

Cp drag coefficient (Drag/qS)

Cp pltching-moment coefficient (Pitching m&ment/qsa)

C3 rolling-moment coefficient (Rolling moment/qSb)

Cy side—force coefficlent (Side force/qS)

Cn yawing-moment coefficient (Yawing moment/qSb)

q free—stresm dynamlic pressure, pounde per square
foot (pv2/2) |

s : wing ares, 3.174 square feet on model
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wing meen serodynemic chord (M.A.C.) % cTay

chord, perallel to plane of symmetry, feet

wing span, 3.09 feet on model

velocity of free—stream alr, feet per second
gpeed. of sound, feet per sscond

Mech number (V/a)

Reynolds number (pV&/u)

absolute viscoslty, pounds—seconds per squere foob
mags density of alr, slugs per cublc foot -
accelerstion due to gravity, feet per second?
angle of attack, degrees

ailgle of attack of model under no—load condlitions, degrees

control deflection , Mmeasured In plane parallel +to plene of
symmetry as the angle the chord lime of control makes
with fuselage reference line, degrees-

* angle of center line of externsl store with respect to plane

of symmetry, positive when nose of store ls outboard of
tralling edge of store, degrees

angle of yaw, degrees
lift—drag ratio (cL/cD)
wing loasding (Welght/S)

Mach number for divergence of drasg coefficient (see fig. 2)

drag coefficient at divergence Mach mumber (see fig. 2)
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CmBe = 3Gy /38, )
Coy = oC, /ov

Cn, = OCn/3¥

Oy, = 0g/3Y )

Note: A 1ndicates an increment taken hetween data of the basic
model and that of the model with stores 1n place.

Example, AC -
s Sy = C\l’mod.el + store c“’model

MODELS AND APPARATUS

Tunnel

The tests were conducted in the Langley high—speed T— by 10-foot
tunnel, which 1s a closed—throat-rectengular tunnel of the return—flow
type with a comtraction ratio of 15.7 to 1.

The sting support system which was used to suspend the model in the
tunnel consilsted of a horizontal member that extended from the reaxr of
the fuselage to a vertical member that was located downstream of the
test section. These struts were attached to the tunnel balance system
and shlelded from the alr flow by streamline falirings.

Basic Model -

. The test model was a model of a tailless, Jet—propelled, fighter
airplane with a wing of 35° sweepback and aspect ratio of 3.0l. The
physical characteristics of the solid-steel model wlith typical externmal
gtores in test locatlons are presented in flgure 3, and photographs of
the model mounted cn the sting support struts used for this Investigation
are presented in figure 4. For that portion of the analysis for which
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full—seals alrplane d:Lmsns:Lons were reg_uired. a model scale of 0.08 was
assumed. The control surfaces, which are plain flaps with sealed gaps,
are termed elevons and are intended to be used for both longitudinal
and lateral control. Rudders were not simulated on the model. TWo
restriction was placed on the alr flow through the Jet—intake ducts to
permit a comperison with the results obtalned an the baslc model

. (reference 5). One of the intake ducts, together with 1ts reflection

on the fuselage, can be seen in figure 4(a).

Extermal Stores

As previously noted, the external stores used iIn thils Investigatlon
were mounted in two general locations: at the tip of each wing, tip—

mounted conflgurations, end in the plane of symmetry, fuselage—mounted con—

figurations. A drawing of the tip—mounted stores tested is presented in
figure 5(a) and the fuselage-mounted stores in figure 5(b). The original
tip—mounted extermal store was located forward of the wing tip in a plane
parellel to the plene of symmetry of the model. Modificatlons to thils

configuration included moving the store rearward on the wing tlp, skewlng

the store in the rearward location, and providing a falring for the
Juncture of resrward—located, skewed, tlp store. The body of revolution
used in this investigation was an NAGA 667-01%4 profile (table I) with an

assumed volumetric displacement squivalent to approximately 200 ggllons
based on an assumed scale of 0.08. The pylon—suspension members were-
NACA 667—016 sections (table I) perpendicular to the leading edgs.

The externsl—etore configurations whose body members were not bodies

of revolution were deslgned to have full-scale volumetric dlsplacement
of approximately twlce the va.lue of the body of revolution, that is,
about 400 gallons.

o Corrections

The test results have been corrected for all the tare forces and
moments produced by the support system. The method by which the sting
tares were determined is explained in detall in reference 5. There are
small additional corrections to the pitching-moment and rolling-moment
coefficients that were determined subsequent to the completion of the
present Investigation and have not been Incorporated in the data.

~

s
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These correctlions, whlch are Inherent in the balance system, can be
made to the data of thls paper by the following formilas:

(Gm)oorrected_ (Cm)presented_ - 0.003

(CZ) corrected (Cz)presen‘bed — 0.0008

The Jet-boundary correctlions to the 1ift and drag were computed by
the method of reference 6. The Jet—boundery corrections to other com—
ponents were considered negliglible.

The drag coefficients have been corrected for the buoyance produced
by the small longltudinal static-pressure gradlent in the tunnel. All
coefficlents and Mach numbers were corrected for blocking by the model
and 1ts wake by the method of reference 7.

TESTS

The investigation was made over a Mach number range from 0.40
to 0.9l. Aerodynamlc cheracteristics In piltch were measured over an
angle—of—attack range from 0° to 6°. Effect of a symmetrical deflection
of the control surfece for the complete model was determined for two
configurations of tip-mounted stores (pylon—suspended and central—
tip, 8g = 10°, faired) throughout the engle—of-attack renge. Control
deflections investigated were +h,4°, Aerodynamlc characterlstics in
yaw were measured with the model complete (fins on) and with the wing-—
fuselage combination (fins off) at approximately +4C angle of yaw
and 0° and €° statlc angles of attack. Date were also obtalned for
some extermel-—store configurstions at +2° angles of yaw.

The verlation of test Reynolds number with Mach number for average
tost conditions is presented in flgure 6. The size of the model used
in the present Investigation resulted 1n a tumnel choking Mach number
of gbout 0.94. Experience has Indicated that with this velue of choking
Mach number, the data can be consldered rslisble up to & Mach number of
about 0.91.
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RESULTS

'An outline of the results of the wind~tunnel investigetion 1s pre—
gsented below. The effect of changes in the locatlon of mass of the
external store on the center—of—gravity position was not consldered,
and the aerodynamic-mament coefficlents are presented about an assumed

center—of—gravity locatlon of 1T percent measn aserodynsmic chord.

Aerodynamic characteristics in pitch e e e e e e e e
Tip—-mﬂlmtea. S’bdres L] L] . L) L] L] [ ] - - L] [ ] - . . L] . - L] L L]
Fu.selage—mounted.stores.................-..

Ilif-t—-drag ra-tios . L3 - - L] L] L L3 - - - L 3 -
Tip-~mounted sbtores . i « « o+ « ¢« & o &
Fuselage—mounted SLOres « « « o « o « &

e e 8

Effect of Mach mumber on the aerodynamic characterlstics
m pitch L] - - - - L] - - . L] - - L] L] »® L] . - - L] L] - L] L] L ] L]

Effect of cantrol deflection on the aercdynamic characteristics
in Pitch - . L] L] - . - - - - « a L] a - L ] . L ] - L ] - L ] a . [ 3 -

Varlation of control effectiveness with Mech mumber . « « « ¢ &
Veriaetion of con:brol posltion for trim with Mach number . . . .

Aerodynamic cha.ra.cteristics in yaw:
Baslc model:
Tell on . . . &
: Tell off . . . .
Tip-mounted stores:
Tail on- e 8 & 8 o & & e & 8 ¢ ® & & B B € s e & & = s @ @
Tall OFF & @ &6 o ¢ o o o o o 5 ¢ v & o s s s o s s & o » =
Fuselege—mounted stores: . .
T&il on . - - - . . - L3 3 . e 3 . . . . . . . . L - . L] .
Tail OFf « & o « o o o o « o s s .o o s s o o s s s o a o =

e @& o s e & s e * o . . @ & ® 8 & e ® & »

Variation of lateral—stability parameters with Mach number:
Bagslicmodel . .« « ¢ « o« + & s s e e s 8 e s e e o 8 s o @
Tip—mountedstores.....................
Fuselage-mounted stores .« « « ¢ ¢ ¢ ¢ o ¢« ¢« ¢« ¢ ¢ o

Varia.tioﬁ with Mach number of the increments in laterel—stebility

parameters due to external stores:
Tip—mﬁunted S'bOI'eS ®° & o & e e * s e, 8 e & 8 & 8 B e & @ s =
Fuselage-mountod stOTre8 « o+ o ¢« ¢ ¢ o ¢ ¢ « s o« o o & o s o «

Figure

« T
T(a)
7(®)
. 8
8(a)
8(b)

. 13
. 1

. 15
. 16

W 17

. 18

. 19
. 20
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Presented 1n table II 1s a summation of the high—speed drag
characteristics of the test model with tip— and fuselage-mounted external—
store configurationas. The method used to o'b'te.in the parameters is i1llus—
trated In figure 2.

Ta.ble IIT 1s a sumuary of the effects of the various extermsl—store
configurations on the lateral—stability parameters of the baslc model,
The velues presgented 1In table ITII were taken as representative of the
effects produced by each externsl—store confliguration below force—bresk
Mach number. When the varilation of & parameter i1s sufficiently large =o
as Lo Invalldaete a single representative value, a mean value is presented
and. designated as sucH.

DISCUSSION

Some results of a previous investigation (reference 5) of the basic
model wlthout external stores are presented in this paper for comparative
purposes. - These results are superimposed on the aerodynamic cheracter— . -
1stice in pitch of the model wilith varlous extermal—store configurations
end are presented separately for the aerodynamic chearacteristics in yaw.

Iift—Draeg Ratios

Mounting external stores at the wing tips has proven to be deslrabls
(reference 8) on sirplanes with unswept wings because of the favoreble
end—plate effects on the lift—drag ratlos and the mild effects of Junc—
ture Interference on the lift-drag retlo. The results of the present
Investigation indlcete that tlp-mounted stores are equally effective on
a model with a sweptback wing at low Mach numbers, but tha:b end—plate
effectiveness appears to be largely destroyed by Junc'bure interference
at the higher Mach numbers. This 1s 1llustrated In figure 9 where 1t i1s
gseen that the meximm 1lift—drag ratio of the tip—mounted stores is equal
to or grester than that of the basic model at M = 0.LO, but at M = 0.80
the highesgt meximum lift—drag ratio for a tlp-mounted store was about .
11.5 percent lower than thet of the basic model. !

Mach number, In genersl, has less Influence on fuselage-mounted
gtores then on tip-mounted stores. The largest reduction in maxlmum
1ift—drag ratio 1s of the order of 10 percent at M = 0.0 and 15 per—
cent at M = 0.80. As mlght be expected from consilderation of inter—
- ference, the extermal stores located awey from the wlng tip and the
fuselage by swept pylon—-suepension members gave the higheat lift-drag
ratlios. The fusela.ge—-mounted configuration (pylon—suspended, overhead) -

-
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gave the largest value of (I/D)yg, &t the higher Mach numbers. This

mey be attributed to the lower local velocitles over the fuselé.gé than
over the wing at a given free—stream Mach number.

Drag Characteristics

Drag studies of the model with various externsl stores show that,
in addition to the strong influence of Mach number on the drag coef—
Picient as reflected in L/D)m, changes 1n 1ift coefficlent have an

appreciable effect on the drag characteristics of tip-mounted stores
(fig. 9). The forward tip store increased the drag of the basic model
only about 8 percent at Cr, = O, but at Cr, = 0.3 and a Mach number
of 0.80 the forward tip store was responsible for a 20—percent increase
in dreg. The modificatlons to thils conflguratlon Included moving the
gbore rearwsrd on the wing tip (centrel-tip store), toeing it

out (8g = 10°), and Ffairing the store—wing ,ju_nctu:re (8g = 10°, falred);
each mod.ifica:bion was effective 1In reducing the drag at the higher 11iet
coefficients. The lowest drag was obtalned wilthk the central—tip

store, Bg.= 109, falred.

The drag contribution of this configuration was approximately one—
half that of the original forwerd tip store up to & Mach number of 0.80
and amounted to an Increase in total drag of the model of about 11 per—
cent at Cp, = 0.3 and M= 0.8. However, the lowest drag coefficient

measured on a tilp—mounted store was with the pylon—suspended configura—
tlion. An Increase of baslc model drag of less than 9 percent was noted
for this conflguration at Op = 0.3 and M= 0.8,

The drag of fuselage—mounted configurations, although higher than
. the drag of the tip-mounted stores at the lower Mach numbers, remained
virtuselly constant to the force—break Mach numbers. The effect of 1ift
cosefficlent on drag was much less pronounced for fusel&ge—mounted. con-~
Figuratlons than for tip-mounted conflguratlons.

The lowest drag coefficlents for each location of externsal stores
at Cp, = 0.3 were generally obtalned with swept pylon—suspended con—
flgurations, and at the higher Mach numbers the fuselage mounted con—
Tiguration (pylon—suspended overhead ) gave canslderebly lower drag
coefficlents than the tip-mounted configuration. At a Mach number
of 0.80 the drag contribution of the fuselage—mounted store on a swept
pylon was about 4.5 percent of the drag of the basic model.
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Buffeting

To evaluate the performance of an extermsl—store installestion, it
is of foremost importence to conslder the Mach number at which the drag
coefficient of the model diverges with the external store in place. The .
significance of this Mach number has previously been established (refer—
ence 3) as the speed at which buffeting of the airplane and its camporent
parts may seriously lmpslr its combat usefulness. A well—designed
external—store conflguration mey be consldered as one that does not lower
the drag~divergence Mach number of the basic model.

The mesthod used to establish the drag-break Mach number in this
investigation 1s presented in figure 2. This method establishes My
as the Mach number where a line 45° from the horilzontal becomes ten—
gent to the drag—coefficient curve when Cp 1s presented for e scale

of 0.01 per inch end M i1s presented at 0.1 per inch. Thus the drag-
d
bresk Mach number ls assumed to be that corresponding to d_Mi = 0.10.

The most satlsfactory combinations of Mg and Cpgs that is, the

highest Mach number for drag dilvergence wilith lowest values of drag .
coefficient at dreg-divergence Mach number, were obtained with the exter—
nal stores suspended from swept pylon members. (See table II.) The
fuselage-mounted configuration gave the least reduction 1In My (0.042)

and, wlth one exceptlon, the smellest increase In - CDd_ (0.0035) of eny
configuration tested.

Lift—-Curve Slopes

Tip—mounted stores increase the lift—curve slope, with the largsst
increases being produced by the pylon—suspended configuration (fig. 9).
The increases range from,l0 percent at M = 0.40 to a maximum of
about 15 percent at M = 0.85. The lift—curve slope was relatively
unaffected by the fuselage—mounted exbtermal stores, the maximum change
being less than 4 percent.

Longltudinel Stability Characteristics

Aerodyﬁamic center.— The rate of change of pltching-moment coeffi-—
clent with 1ift coefficlent at a constant Mach number GmC_T_, is a measure

of the aerodynamic—conter location relative to the assumed center—of—
grevity pogition in percent of the mean serodynamic chord. The effect
of extermal stores on the serodynamic——center. location 1s presented in




ia)

NACA RM ISK25

figure 9. Tt is seen that tip—mounted stores, In general, exert a small
stebllizing influence. Below a Mach number of 0.80 the maximm increase
of: stability amounts to & rearwerd movement of the serodynamic center

of 2.5 percent mean serodynamic chord. It may be nobted that the forward
tip store produces a small forward movement of the aerodynemic center
(ebout 1.5 percent mean aerodynemic chord) .

The effects of fuselage—mounted external stores are less conslstent
in that both stabilizing and desta.‘bilizing changes in GmCI, are shown.

However, the maximmm change in the aerodynamic—center location is
generelly less than 2.5 percent below M = 0.80. Above & Mach number
of 0.80 a rearward movement of the aerodynamic center or stabilizing
trend ls generally produced by both tip— and fuselage-mounted external
stores.

Control effectivenegs.— The control-effectiveness paramster Cms,

as & function of Mach number is presented in flgure 11 for the basic
model and for two btip—mounted exbermal stores: +the pylon—suspended and
the central—tlp store, 85 = 10°, faired. The greatest increases in
effectiveness caused by the end—plate action of tip stores were glven by
the central-tip store faired at &g = 10°. For this configuration an

average increase of 12 percent was noti_ced. to a Mach number of 0.80
where Gm6 Increased sherply, reaching a maximm at: M = 0.85 where it
e

was 22 percent more then the basic model.

An investigation of the effects of tilp—mounted extermsl stores on
the damping—in-—roll characteristice of a model with a sweptback wing
(reference 9) showed similarly lexrge Increases 1n the control effectlive—
ness in roll.

Control position for trim.— Control position for longlitudinal trim
in both level and meneuvering flight as & function of Mach number is
shown in figure 12 for an assumed wing loading of 34 pounds per square
foot and altitudes of sea level and 40,000 feet. It appears that tip—
mounted extermal stores do not produce any serlous changes in control
position for trim within the range of flight conditlons covered. In thils
investigation. :

It should be pointed out that the control positioms for trim were
calculated on the basis of the pliching-moment coefficlent which do not
include a constant correction of 0.003 as previously mentioned. Including
the correction would result in a small and approximetely constant change

in control position for trim.

The marginal. longitudinal stability of the basic model in conjunctlon
with the small changes in the untrimmed pitching moments produced by the

-
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stores result in relatively small changes in the control settings for
trim In apite of the 1ncrea.se in the control effectliveness produced by
the tip stores.

Directiongl Stabllity

The results presented In table IIT indicate that tip—mou.nted
external stores Increase slightly the dlrectional stability of the test
model; and, where comparisons are avaellaeble, the stabilizing influence
is, in general more pronounced on the pla.in wing, that 1s, with talls
off, then on the complete model. - The cen'bral tip store fa.ired.
with 8g = 10° produced, at dgtatic = 0°, the only destabilizing

influence noted for tip stores.

Fuselage—mounted stores generally are slightly destabilizing. ' The
exceptions whereln fuselage-mounted stores Increased the directional
stabllity of the basic model occurred for the single blister and the
pylon—suspended (overhead) configurations with the fins of the model
removed. The stabllity contributions of these configurations were,
however, small. o

Effective Dihedral |

With the exception of the pylon—suspended, tip—mounted external
store, the change iIn the effectlve dihedral parameter C ¥ produced by

both tip— and fuselage-mounted external stores i1s small. (See table III.)
The maximim change 1n sz is —0.0005 which 1s equivalent to about 4°

of effective dlhedral. The relation between C; ¥ and the effective

dihedral angle esteblished in reference 10 was used in thls Investliga—
tion. As might be expsected (reference 11), the pylon—suspended, tip—
mounted store reduced the effectlive dihedral of the baslc model by
sbout 8° at ogpapic = O° and 8.60 at agpgapic = 6°.

CONCLUSIONS

An experimental investigatlion of various extermal—store configura—
tions on a model of a tallless alrplane with a swepthback wing over a
Mach number range from 0.40 to 0.91 indicates the followlng conclusions:

1l. Tip— or fuselage—mounted stores suspended on a swept—pylon
member that locates the external store awey from adjacent parts of the
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model resulted in the most favorable combination of drag-bresk Mach
nurber and drag at force breek and elso the highest lift—drag ratios of
the confilgurations investigated.

2. The largest effect of the external stores on the aerodynamic—
center location, below force breek, was & forward shift of 2.5 percent
of the mean aerodynamic chord.

3. Except for the pylon—suspended, tip-mounted extermal store, which
produced a change in the effective dlhedral paramster that was spproxi—
metely equal to an 8° reduction in dihedral, the effect of stores on the
directional and the labteral stabllity of the test model was small.

L, The effectiveness of the elevon control wes increased conslder—
ably by the asddition of a tip store centrally mounted an the wing.

Langley Aercnautical Ieboratory
" Natlonal Advisory Committee for Aeromnsutlcs
Langley Alr Force Base, Va.
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Stability and Control Cha.racteristics of an Ailrplane Model Having a
45.1° Swept—Back Wing with Aspect Ratlo 2.50 and Taper Ratio 0.42
and a 42.80 Swept—Back Horlzomtal Taell with Aspect Ratilio 3.87 and
Taper Ratio 0.49. NACA RM L7B25, 19k47.
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TABLE T
ORDINATES FOR THE EXTERNAYL, STORE AND THE FPYLON-SUSPENSION MEMBER

[Dimensions in inches]

External store Pylon—sumamspzlrlsion
NACA 66;—014 NACA 66,—016
Station | Ordinate Statlon | Ordinate

0 0 0 o)
.070 +.148 .01k +,033
105 |+ 177 : .020 +.039
175 +.222 .03k *,049
.350 +.295 .068 *,066
. 700 +.407 136 +.091

.1.050 +. 496 . .20L +,110

1.400 +.5T1 272 +,127

2,100 +.692 408 +.154

2.800 +.784 ' .5hly +.174

3.500 +.855 - 680 | +.190

L.200 +,910 816 +.202

, +.900 +,947 .952 +.210

5.600 +.,972 1.088 £.216

6.300 +,980 1.224h +,218

7.000 +.97L ’ 1.360 +,216

8.4k0o +.912 : 1.632 +,203

9.800 *.737 1.904 +.164

11.200 | .181 2.176 +,107
12.600 +,202 , 2.4148 +.045
13.300 £.077 ) 2.584 +, 017
1Lk.000 0 2.720 0
L. E. radlus: 0.1332 L. B. radius: 0.0344
~qqm§;,pr'
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‘ Table T

Summory of the High Speed Drag Gharacleristics af
G =3 of the External Stores Installations Invesligafed

NACA RM LOK25

(0} Tio-mounted stores.

Configurotion M, aM, G 4G - __
basic model 897 — o2 — -
forward

E— &0° e i el oor7
% ’ mbgsgfmdea’ . 840 o57 o7 0024
central 820 077 aso
ﬁ &,=0° 0050 .
caniral ~
g, &5 059 o325 0062
e 27 089
(b) Fuseiage-mourted stores.
’- — c.
—= — prén-suspended 8e5 ore o287 §97. 3
a— Z
.-—‘QE—- > - p
—| ~ flush 830 067 cees oaae
i
S twin blister 835 -062 @z 0063
S single blster &0 047 a0 o054
single blister
== — g b g0 o7 a3 0os!
T T W _'55 ] _'042 oese _ oozs B




el

TABLE TTT

SUMMARY OF THE ERFECTS OF THE EXTERNAL~STORE CORFLGURATTONS INVESTIGATED

ON THE LATERAT, STABILITY PARAMETERS (F THE BASTC MODREL.

[A3Y valuee presented represent average velues betwsen M = 0.60
and farce-break Mach mmber except as mnoted]

Tail on

Pail off
Store conflguration gtatic = O° Ugtetic = 6° gtetic = O Cutatic = 6°
Acn* Ay _ Alny A0y Ac,% Ay Dlny My,
(a) Tp-mounted stores

Forvard ] 2.0.00020 | 0.00025 ' 0 0
Pylon—guspended ®_.00030 | —,00100 | ~0.0025 | —0,00110 || —.00060 | —.000.00 | ~0.00035 | -0.00110
Central ~.00010 [ .00010
Central 85 = 10° -0000 | 2.00010 | © ~.00040 [ ~.00020 ,00015 | 8~,00000 | 8-,00025
Central 85 = 10° (faired) 00025 | —,00015 | B--.00020 | 8-,00025

(b} Fuselege-movmbted stores
Pylon—suspended 0.00010 | 0.00010 0.00015 | 0,00020
Flush : 00035 { —.00050 .00035 | .00035
Twin blister 0 0 0.,00010 | —0.00010
Single blister .00010 |20 .00030 | B~-,00020 || © .00020 | —0,00010 | O
"gingle blister (upper) .00010 | —000k0 [ 2.00030 | ~.00035 ) :
‘Pylon—-suspended (overhead) 00020 1 0 .00015 | ~—,00040 || —.00010 | —,00015 | &-,00Q015 | ~—.00050

B‘Deno-hes a meen value below the force—bresk Mech number.
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Plane of
relative wind

X
S
Z
View A-A
<

Figure |— System of axis and control- surface deflection.

Positive values of forces, moments, and angles are
indicated by arrows. '
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' ne <R
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Figure 2.— Illustrafion of the method of défermining the high-

speed drag parameters of the test model with external stores.
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Flgure 3.~— Three-view drowing of the fest modal with tha forward fip-mounfed ond flush fuselage-mounted external-sfore configurotions.

)
3 TABULATED DATA
] Wing

Area 3.174 59 fi.

3.28 Aspact ratio J.0K
A Mean geometric chard - L046 fL
Incidence o°

- 3 Dihadral : . e
/ 140 Airforl {'perpandicu/or to Clé‘b'c} Symmetrico/
Max. thickness - Ql? e

| Location of meax. thickness Q40c

Verticel tail

L1 Area (two) 0.82 sg ft,
Aspect ratio 1.76

- CG. location 0./17 mgc

9 ) 10
Scole , inches
5.80
s { -
_E?_ _ ) —=S 2.:80
G T (il r
: 3A52
TR ~HACA -
l
N *

ac
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(8) Three-quarter front view.

Figure k.- Photograph of the test model with the forwa.rd. tip-mounted and pylon fuselege-mounted
externsl-gtore configuration mounted in the Langley high-speed T~ by 10-foot tumnel.
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(b) Three-quarter reer view.

Figure 4,- Concluded.
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Midpoint of o chond
ceniral \ w‘g""’m L
(0] Tip-mounted stores. —
| »

Figure B, — Drowings of the exfenal siore conflgurations showing 1he locations on the fest modaal,
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Figure 7 — Continued.
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NACA RM LOK25

) Symbo’ .s!ore con!zguraﬁon S

off —
---------- forward Qe
——-—— pylon-suspended 0O°
————— cenfral °
—--— central (faired) 10°
i {
2 T_ T 12 L
P
8 d 8 [~
b 4 )
- : 4
M= 60 LA 70
0 ] ,_ ol L
0 A 2 3 4 .5 o ) 2 .3 4 .5
Lift coefficient,C, Lift coefficient,C.
2 ' ! 2
E,_;_:r\\ | '_I!\i\
Z il N A NN
8 =~ 8 7 f e
Lo : £ f}/ T
4 |— 4
M=80 p T M=85
o l L | 0 T— | I
0 .2 3 4 .5 o A 2 .3 4 .5
Lift coefficient,C, Lift coefficient, C,
{a} Tip-mounted sfores.

Figure s.— Variation of the lift- drag ratio with liff coefficient of the test model with external stores.
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Symbo!  Store configuration
. off
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——-—— flush
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W

2 7 2 - ::’2 e L
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4 4 4
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o A 2 .3 4 0] A 2 3 4 5
Lift" coefficient, G, Lift coefficient, G,
2 _ L 12 .
, AT o . Ze=—=Son
Lg, // : Lt 7 I~
4 — : 4
¥y M=80 v M=85
o j i 0 1 B A |
0 A 2 3 4 .5 0] 4 2. .3 4 .5
Lift coefficient,G, Lift coefficient, G
—

(b) Fuselage-mounted stores.

Figure 8.— Concluded.
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SN Symbol  Store configuration
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Figure S. — Effect of Mach number on the aerodynamic characteristics in pitch of

the fest model with external stores.
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ce



S sl
g . et
£ 04
] e o=
.

b oy O R )
] S
§-04 R ™
: !
%‘m
@ Symbol &, deg

2 -44

Q [¢)

a 44

gd i
k~]

- | §J7/
- Va
P P
] 4 ) // |~
S
% A . M=80
<0

4 0 1 2 3 4 5

Figure 1a— Continued

Lift coeffician!, i,

R 8

R

Piiching- momant coefficient, Gm
Q

Q©

)]

Angla of aifack, oc, deg
R

Mf cannlgurarian

— o
——— central tip,5,, = K0", foirad

L
e
~=]

/1
¥
Yy

Symbol &, deg

& ~44
] 0
a- 44
'l
P
7 /f"/r‘rf- 5

Q

e 1 £ 3 4 5
Lift coefficient, G

R 3

R

7Y
77

lel

7
7
4

il
/i
i
y 4/
A

B

Pikching- moament coaffictent, Gn
Q

Rs

J/i
r i1
o

@

k]

Angle of ottack, o, deg
[ .S

S

Symbol & deg™

LA ~44
o] 0
g 44
y i
A
A

P //uﬂ

<

0

42 3 4 5
Lift coefficient, G

<z

=19

GTHET WL VOVN



Symbo contiguration

off

——~— pybon-suspended, fip
T C‘El#mI flp,6,=.’0f faired

fficient, Gm
R 8

<1
—_—

0o/ 2 3 4
Lift coefficient, G,

Figure Ia—Concluded.

S

& ¥
Er Ik 1) A
g N RN
= o = <
§ 0 e \\\ é 0 \S\ B
' SN £ S Y
£ 04 S b 04 S S N
§ -~ N 2 "“@Fk RN
g S X S = 4%
é\‘—m - -s\ - :E-'ag . \
2 iy d: ]
5
£ =12 - _ :T— Symbol Q, deg
Symbol 4, deg & -44
A - o 0
: o :b4 o) - 44
o8 5] 4
) 8.‘ 6 P V g 6 5;
i , - v
2 4 £ g,
G A (3] ~
E £ / & E 2 P2
o AL M= 90 ® S -9/
| ] <0

P
—~—

-

6 1 2 3 4 S5

LIft coefficient, ¢, ~~LBA~

CE6T WE VOVN

LE




-
Symbol Store Gonfiguration
of f
— — pylon-suspended, tip
— ———central tip, 8,=10° faired

=004
[
Gm& R e S—— I/r/[
I s e S s e S N
N e
~0{2
4 ) .6 7z 8 .9

Mach number M

Figure 1{— Variation of conirol effectiveness parameler (Cp 5 ) wirh Mach number ,a gyqtic = 4°

GSH6T WH VOVN




& 8 g 4y
[~
‘5@ — Pt fight
» 0 g S
BE SEShes
-5,
© 849 5 5 7 B 39
Mach number, M
San fevel
S8, fovel flight
- 88 ~/
.g - O RN il
-~ adu g
g;'é
S -§4.4 5 6 7 B 9
Moch rumber, M
SO000F1
(@) Basic modey,

3 34 A
[ g .
ik - j ol Flght
g-g O"“—-- T -._"‘
P
8 g+ .
8 4 5 6 7 8 =9
Mach number, M
Sea _Ia/el '
. 2
¥ g Ltover Hight
£p 7 ]
i :
S g M5 6 7 5 o
Mach nrumbar, M
40000 f1 '

(b} Pylon-suspsnded, tip-mouted store,

] T
N §-4 /r—'}_’g
-§§ V Ffevsi fight
£ ok LA
£ e i e ”
] 44 S 6 7 &8 2]
Mach rumber, M
 Seq fove!
S P
- 7
*g“’ 4 y £ level Flight
] 2
g 0 | =] ,
: .
i w
4 5 € 7 8 9

Mach rumber, M
20000f W

(¢) Conirdl (fared) &~ -1 07, Hip-mounted siore,

Figra 12~ variatian of ealrol position for trim in level ond aceslerafed fTight for two oftiudes af wing loading of 34 ponds per sqmr' e fool

CEXET W VOV

éc’




: M M
Pt
0 a 9! 0 = a9/
i = = (‘J
o ] a 90 0 > L~ ! 4 90
TM- . ?
) - v 575 o8&~ L 575
y
I3 | 1 p= .
Q = : [ »
‘g‘ 0 [~ V&S G 4 L1 4 v 85
Y - =
@ 0 [ S—.— , Y 480 % 0 ¥ 2 80
G o o o 70 ‘fg 0 =i 7D
§ | L""""‘du.____ )V,ﬂ _‘,‘/d
g 010/ 0§ orol LI LL " 60
e Q] = ' g ,
g 0 0 :
E ° 40 3 ,/ € .40
'OI _'04
4 2 0 2 4 T4 2 0 2 4
Angle of yaw,y ,dbg Angle of yow, 4 ,deg
h}w_m-‘-‘(?‘:

figure 13~ Aerodynaomic chortcleristios in yow of the basic model, farl on.

010

Rolling-moment coefficient, G
&)

0l

of

29/

4 90

RaEn

v g5

4.80

¢ 0

T
4 50

® 40

4

2 0 2 4
Angle of yaw,y ,deg

SHEA

CET WY VOVN



[
0
-
0 i - -
L e 123
G .0 -
13 [
-.f'.’ .—\"—-l.___ i
g 0 =
g iy,
- 0
=3 -""Q____,
E oo ot —
‘g o =T
pd
o :
4 2 0 2 4
Angle of yow,y ,deg
(D) statre =67
Figure (3— Concluded.

&9l
590
v 875
» B85
80
s /0

e B0

Loteral force coei'ﬂcienr, Gy
=

R

-
//
= =
L1 |~
» | »
[l
1. T
~T /_‘L(’A/
i
¢ “J/-"
P il
™ =
-4 -2 0 g 4

Angle of yaw,y ,deg

a4 90

» 875

v 85

A‘w

* 70

° 40

Rolling-moment coefficient, G,
o)

S

- a.;:)
|1~
1] L1 . B
b
= = v 85
/4
//!' I &
4T
- g a— ¢ 0
= —'Em
L1 1/.49'
///J 9.40
-4 2 0 2 q
Angle of yaw,y ,dsg
W

Ced6T WY VOVN

'




M
Q 1T 0.8/
0 P “90
O _-h————‘ll"Tg__ hB?S
S e e = o e A
H i e
o (4] A
¢ HEE
S
T 0 —— N ¢ 70
-—Je-m
é.@lO = -
E 0. ——— e 40
-

-4 2 0 2 4
Angle of yaw,y ,deg

It I ssarie = O0°.

M
0 o 9/
ot 59— 4 90
) == EBINY: 7.}

f. 0 =4 v 85

5 '

£ 0 2 60

% ok~ =2 70

'E_Oq.o—-f: 0 60

Q .

§ 0 & | € 940

o 4 2 0 2 4

Angie of yaw,y ,deg
R

Figure 14— Aerodyramic characterlstics in yaw of the basiz model, tail of.

0
0
& 4]
E
8 o
=
E o
£
gofo
3
X 0
01

Sk

M

J-L-w _ a g¢
] — a 90

=1 e 87

v 85

=2 14 g

° 70

Eeel

s

4 -2 0 2 4 '

Angle of yaw,y ,deg

v

G661 WE VOV



Q

Yawing~-rmoment coafficient, Cn
O

Q

(b}mm 6%

Figura!4— Concluded.

M M
0 y A 90 - 0 pmm—= | L 4T 290 -
0 ey RS 0 e~ =T~ 875
O | | T - VBE ‘ & . 0 3 — X '.85
0 ] a0 F 0 {480
o — & 70 § _ 0 % o 70
0 — — gao E 040 . : %_ 0 .60
] e 40 g 0 —— s 40
3
~04
4 2 0 2 4 4 2 o0 2 4
-Angle of yow,y ,deg Angle of yaw,y ,deg

Rolling-moment coafficient, G
&)

1 1] M
B (.
o
| v 875
g J 1 as
1 4
f’A 4 50
P )
11
= /,E,——la_?o
T pmes m 60
,/’
e 0,40
4
4 20 2 4

Angle’of yaw, deg

TR

CSH6T W VOVH

Eq




Symbol sfore confguration d

;JJdon spended 0'
Q---—- ~SU i
Po—— cenird . o
o——— cenfra (fuired)  I1C°
/;’ﬂ, M
— M 0 Za I Y
0 — o 91 = ‘z}’ . M
o 1 A=
SEENESunE : T o
0 = — a .90 - -
B et s =sic
0 » 875 P g
e ’j/ N
e e i’ﬂ;* 0 ./ %"’ L v 85 0 b3 = - s 875,
S o=+ —d—(v 85 & Al S
5 = = r 0 «#’wr/'” * 80 ¥ 0N v 85
g o0 -~ + 80 2 a8 ' S e
g — £ o0 —u— o 70 § o 480
g O %%ﬁ o0 8 = &Z 3 =
& gmo ——| = .60 T 0 - ¢ 70
et R
& 1= 1 ) B ' e 40 oo = e 60
0 1 1Jo 40 13’ = I b T
> : -04 S0 = © 40
0! _ = |
-4 -2 0 2 4 -4 2.0 2 4 o 4 2 0 2 4
Angle of yaw,y .deg Angla of yaw,y ,deg Angle of yow,y ,deg

R . SR
h)a;fuﬁ'ap. .
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